The aggregation of red blood cells is of paramount importance in clinical haemorheology as it is a major determinant of blood viscosity, and hence flow, at low shear rates'. It was originally explained as nonspecific adsorption of macromolecules in a crosslinking conflguration/. However, in recent years this view has been questioned and an alternative explanation, based on osmotic forces arising from molecular exclusion around cells, has been proposed'', Again in more recent years, attention has gone beyond 'the surrounding medium to include considerations of the structure and properties of the cells as an important determinant of aggregation potentialv". The guest lecturer at this meeting of the forum, Professor H J Meiselman (University of Southern California Medical School, Los Angeles), provided an update of his current research activity in this important aspect of erythrocyte aggregation. Data presented by Professor Meiselman confirmed other findings that neonatal erythrocytes exhibit lower aggregation than adult cells in autologous plasma but show similar aggregation properties in 1% dextran 500 6 and in adult fibrinogen". However, both the extent and strength of aggregation of neonatal cells in dextran T 70 is less than that seen with adult cells at a 30% concentration of this polymer. Separation of erythrocytes by differential centrifugation indicated that the difference in aggregation between adult and neonatal red cells is confined to the older cells in each sample. It is also pertinent to note that the variability in measured aggregation indices seen between different blood samples is significantly less in samples taken from identical twins. In blood taken from normal volunteers, the difference in red cell aggregation indices between younger and older cells is evident in a wide range of aggregating polymers. This difference is not related to the greater binding of IgG by the red cell membrane. Hence galactose, that removes bound IgG from the cell surface, enhances the difference in aggregatability between young and older cells. Finally, the electrophoretic mobility of young and older cells is the same in buffered salt solutions but the older cells exhibit a faster mobility in either plasma or dextran and also have a lower surface polymer concentration. These collective results illustrate (1) the importance of cellular properties, as opposed to the properties of the suspending medium, on the aggregation of red blood cells and (2) that osmotic effects play an important role in cell/cell interaction and may be the basis of the different aggregation indices seen in young and old red cells.
Two papers in this meeting dealt with the significance of red cell aggregation in clinical practice. Dr D B Reid (Peripheral Vascular Unit, Glasgow Royal Infirmary) sought a correlation between red cell aggregation and an increase in plasma fibrinogen and fibrin degradation products in peripheral arterial disease. In 140 consecutive patients the mean levels of fibrinogen and fibrin degradation products were both related to the severity of the disease. Although red cell aggregation was increased in blood from patients this was not related to the severity of the disease nor the levels of fibrinogen nor fibrin degradation products. These results may represent further evidence of the importance of the properties of the cells, as opposed to changes in the suspending medium, in erythrocyte aggregation. Dr S M MacRury (Diabetic Unit, Royal Infirmary, Glasgow) confirmed other studies showing an increased tendency to red cell aggregation in diabetic subjects", Dr MacRury related changes in red cell aggregation in insulindependent (type 1) and non-insulin-dependent (type 2) diabetics to hypertension and plasma levels oflipids. In the diabetic groups, there is a positive correlation between red cell aggregation index and triglyceride (P< 0.001) or VLDL (P< 0.05; type 1: P< 0.02; type 2) while high levels of plasma HDL was associated with low red cell aggregation (P< 0.05 for both groups). In type 2 diabetics, red cell aggregation was higher in hypertensive compared with normotensive patients (P< 0.02). It is suggested that these important risk factors in diabetes may be associated with an increased red cell aggregation and therefore reduced blood flow in the microcirculation.
The importance of rheological investigations in other disease states was discussed in a number of papers. Dr G D 0 Lowe (Glasgow Royal Infirmary) described some results from the Scottish Heart Health Study. In both sexes blood viscosity correlated with cigarette smoking, blood pressure, serum total cholesterol and body mass index. Multiple regression analysis identified age and cholesterol as the major independent contributors to heart disease in men while plasma viscosity and age were the major factors in women. In general men had higher blood viscosities than women, but coronary heart disease in women abolished this difference. The data is consistent with the hypothesis that increased viscosity may be one mechanism linking all major risk factors with the onset of coronary heart disease. It was suggested in 1980 9 that an increased blood viscosity may be partly responsible for sudden onset of sensorineural impairment. Laboratory measurements'? have confirmed that hearing threshold, in patients with idiopathic hearing loss, although not related to haematocrit, is related to high-shear blood viscosity and red cell rigidity and inversely correlated with plasma viscosity. Dr S Gatehouse (MRC Institute of Hearing, Glasgow) provided an update on current research in rheological aspects of hearing loss. In this study, results were controlled for the effects of age, sex and social class. High shear-rate blood viscosity correlates strongly with hearing threshold levels at 250-2000 Hz while red cell deformability is important at higher frequencies (4000-8000 Hz). In patients aged between 65 and 75 years, the importance of bulk viscosity is less important while the influence of red cell filterability becomes more important and extends down to 1000 Hz. In this study, rheological variables emerged as the single most important determinant of hearing impairment.
As the viscosity of blood is a relevant factor in disease then reliable and routine methods for its determination are of paramount importance. Dr M Caswell (University of Birmingham Medical School) reported the effect of storage on the measured viscosity of plasma. The results show that samples, taken from patients with conditions known to be associated with paraproteinaemias, can be stored as blood or separated plasma at room temperature or Medicine refrigerated and still be used in a screening for gross changes in plasma viscosity. The minimum increase, in 7 days, was seen in plasma stored at 4°C (1.8%) while the maximum increase (8.8%)was seen in blood stored at room temperature. Mr D W Lane (Scarborough General Hospital) advocated the use of simple capillary viscometers for assessing blood viscosity in haemorrheological disorders. The results correlate well with low shear-rate viscometry but offer advantages of sensitivity in some situations. Examples were given of the clinical application of the capillary viscometer in the hyperviscosity conditions of myeloma and leukaemia. Mr P C W Stone (University of Birmingham Medical School) compared three instruments for assessing erythrocyte filterability using six different in vitro test models. With mild to moderate impairment of cellular rheology the Hemorheometre, St George's Filtrometer and the Cell Transit Analyser gave comparable results. The latter instrument, however, provided more information on the properties of individual cells and on the size of abnormal populations of cells. With severe impairment of cellular rheology, however, the Hemorheometre and particularly the St George's Filtrometer were more sensitive owing to their ability to detect pore-clogging cells. The current computer software of the Cell Transit Analyser is not designed to detect pore-clogging cells or cells with a very long transit time. Dr J G Jones (UWCC, Cardiff) described how to calculate the mean pore transit time for normal granulocytes and lymphocytes from filtration studies of diluted blood and purified erythrocytes. The results were in close agreement with those already reported for isolated and fractionated leukocytes. Hence separation of leukocytes by gradient centrifugation is an acceptable, but possibly not essential, prerequisite for the screening of leukocyte rheology in disease. The methods employed are applicable to results from currently available instruments that can measure initial steady-state flows of cell suspensions.
Recombinant human erythropoietin (EPO) is effective in the treatment of renal anaemia in haemodialysis patients!'. It is however pertinent to question whether the administration ofEPO to such patients affects the viscosity of the blood beyond that
Diet and diabetes
Keywords: diet; diabetes; carbohydrate The relationships of diet to the etiology and management of diabetes are forever changing and every question answered seems to pose many more. Dr John Betteridge (University College, London) chaired the morning session.
Dr Hugh Mather (Ealing) reviewed the evidence on causation of non-insulin dependent diabetes (NIDDM) and concluded that obesity was a major factor but individual nutrients had not conclusively been incriminated. It did seem highly likely, however, that a diet high in unrefined carbohydrate and low in fibre increased the chance of developing NIDDM.
expected from the required increase in circulating erythrocytes. Dr I C MacDougall (Cardiff Royal Infirmary) reported measurements of blood viscosity, plasma viscosity, fibrinogen levels and red cell filterability in patients receiving haemodialysis and treated with EPO over a 9-month period. The rheological changes reported were entirely consistent with an increase in haematocrit by the production of rheologically normal erythrocytes.
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